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BOX PCT 

IN THE UNITED STATES ELECTED/DESIGNATED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

5 

PRET JMTNARY AMENDMENT 

APPLICANTS: Dr. Harald Bock et al. DOCKET NO: 1 12740-261 

SERIAL NO: Unknown GROUP ART UNIT: Unknown 

10 EXAMINER: Unknown 

S INTERNATIONAL APPLICATION NO: PCT/DE00/00371 
£ INTERNATIONAL FILING DATE: 8 February 2000 

S INVENTION: NETWORK NODES WITH OPTICAL ADD/DROP MODULES 

Q 5 Assistant Commissioner for Patents, 
Washington, D.C. 2023 1 

$ Sir: 

IU. Please amend the above-identified International Application before entry into the 

CfeO National stage before the U.S. Patent and Trademark Office under 35 U.S.C. §371 as follows: 
In the Specification: 

Please replace the Specification of the present application, including the Abstract, 

with the following Substitute Specification: 

SPECIFICATION 
25 TITLE 

NETWORK NODES WITH OPTICAL ADD/DROP MODULES 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention generally relates to a network node. More specifically, the present 
30 invention relates to a network node with optical add/drop modules. 
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Description of the Prior Art 

A network node for use in a ring network is generally disclosed in German Patent 
Document No. DE 19731494 C4. The ring network provided for transmitting data in the 
wavelength division multiplex method has a working device, a protection device and a 
5 number of network nodes with add/drop modules. The distinctive feature of this known ring 
network, the transmission capacity of which is to be utilized to an optimum extent, consists 
in using only a single protection channel which can be accessed by all terminals, i.e., being 
able to send data and to receive data. 

As disclosed in European Patent Document No. EP 0 847 158 A2, a network node 
1 0 with optical add/drop modules for bidirectional networks is also known in which a separate 
Oi module OADM1 and OADM2, respectively, is provided for each of the two directions of 
transmission, in which in each case an add function and a drop function is combined for the 
h respective direction of transmission. The known arrangement is neither provided for a ring 
=|j network nor does it contain a protection device. 

3 5 As disclosed in European Patent Document No. EP 0 892 524 A2, a network node 

L with optical add/drop modules in a unidirectional ring network that has a number of ring 
ffi lines is also known. In the case of a "single point of failure" in the network, the signals are 
O . diverted via other links of another ring line which are not faulty. 

!*? It is also known as disclosed in European Patent Document No. EP 0 729 247 A2 to 

lisp 

20 guarantee the transmission capacity in bidirectional ring networks, for example in the case 
of a disturbance, by transmitting on each fiberglass waveguide, in addition to the operating 
signal, a replacement signal of different wavelength. In the case of a disturbance, i.e., in the 
case of an interruption of the connection between two network elements, the operating signal 
between the network elements of the ring network affected by the failure of the connection 

25 is switched to the replacement signal, and thus to the second wavelength, thereby 
maintaining the full transmission capacity. The network elements provided are add/drop 
multiplexers which are arranged in parallel with existing optical interfaces at in each case 
additional optical interfaces. These additional interfaces operate in a different wavelength 
range in contrast to the existing optical interfaces. Operating signal and replacement signal 

30 of an optical transmitter are combined in a suitable manner by optical multiplexers at the 
output of each network element and transmitted to the receiving site by the respective optical 
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fiber waveguides. At the receiving site, an optical demultiplexer separates the two optical 
signals of different wavelengths and supplies them to the further processing stages. 

In purely optical wavelength division multiplex networks, some of the optical 
connections will be purely of a static nature but some others will have short lifetimes. To 
optimally utilize the network capacities, there exists a need for automatically reconfigurable and 
purely optical add/drop multiplexers. In this regard, the reconstruction of existing systems may 
necessarily need to take place with continuing traffic, i.e., careful protection of the continuing 
traffic without optical "single point of failure" is necessarily required. 

In addition, the ability to implement not only traffic links via a central hub-type 
network node but any point-to-point connections may necessarily be needed. A typical traffic 
pattern in future two-fiber ring networks will necessarily include a forward return connection 
in different fibers on the same link. In this regard, the corresponding protection connection 
leads via a different route in two fibers, thus providing for a reliable standby connection in 
the case of a fiber break. 

Due to the minimization of production costs in metropolitan ring networks, great 
differences in level must be expected in the individual wavelength channels. 

In this regard, the static add/drop multiplexers in purely optical wavelengths division 
multiplex rings will necessarily need to be expanded into dynamically remotely and 
configurable add/ drop multiplexers, thus an "in-service" expansion should be possible. 

Static optical add/drop multiplexer network elements have only been on the market 
for a very short time (CAMBRIAN, CIENA, OSICOM, LUCENT, SIEMENS 04/99), where 
commercial remotely configurable systems are expected for the year 2000. The remote 
configurability of optical add/drop multiplexer modules has currently only been implemented 
by way of expensive optical circuit technology (i.e., wavelengths division multiplexers, 
demultiplexers and space division switching matrices). 

However, no corresponding arrangements for setting up remotely configurable 
protected 1+1 connections have been reported although the use of fiber gratings in add/drop 
modules is described in US Patent No. 5,748,349. 

An object of the present invention, therefore, relates to protecting the transmission 
of a WDM signal from an interruption of the line when, for example, modules are exchanged 
in a ring network. 



SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a network node with optical add 
modules and drop modules which can provide an uninterrupted transmission of a signal 
between any two network nodes when a necessary change of one of the two modules in the 
5 ring network is made. 

The circuit arrangement of the purely optical add/drop module of the present 
invention provides for modular expansion of static add/drop multiplexers in wavelengths 
division multiplex rings to form dynamically remotely configurable add/drop multiplexers. 
In this arrangement, a heterodyne crosstalk of < 50 dB can be achieved. 
10 In contrast to the conventional arrangement of the components in add/drop 

multiplexers based on fiber gratings, circulators and/or 1 :2 couplers on one board, the drop 
C (i.e., circulator and grating) and add (i.e., 1 :2 coupler) functions of the present invention are 

distributed over two separate boards. 
Jjt As a result, bidirectional two-fiber traffic can be implemented without any "single 

3 5 point of failure", e.g., electrical and/or optical 1+1 protection is fully supported. In this 
regard, the module can also be used for protected unidirectional traffic by external plugging. 
: J Due to the distributed add/drop functionality on two boards (or groups of boards), a board 
% (group of boards) can be exchanged after complete protection switching without interrupting 
the connection. 

20 Due to the modularity (e.g., group of four tunable gratings) and the protection 

characteristics of the circuit arrangement of the present invention, continuous expansion of 
existing static add/drop multiplexers to "in-service" conversion associated with dynamic 
traffic patterns can be provided. 

The module of the present invention can support a large number of channels (up to 

25 128) and/or great differences in the individual channel levels. 

An important aspect of the present invention relates to the circuit arrangement that 
can protect the optical path against a "single point of failure", i.e., the separate arrangement 
of add and drop functions on two boards. For example, the present invention can include a 
circulator and tunable gratings for the drop process in addition to a 1 :2 coupler for inserting 

30 new channels. 
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An additional dielectric filter, for example, as disclosed in US Patent No. 5,748,349 
can be used for splitting the wavelengths and for increasing the heterodyne crosstalk to less 
than 55 dB. 

Additional features and advantages of the present invention are described in, and will 
5 be apparent from, the Detailed Description of the Preferred Embodiment and the Drawings. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 diagrammatically shows a bidirectional ring network according to the prior art. 
Fig. 2 diagrammatically shows an embodiment of a remotely configurable optical 
add/drop multiplexer for bidirectional traffic of the present invention. 
10 Fig. 3 diagrammatically shows another embodiment of a remotely configurable 

5 optical add/drop multiplexer for bidirectional traffic of the present invention. 
m Fig. 4 diagrammatically shows an embodiment of a remotely configurable optical 

y add/drop multiplexer for unidirectional traffic of the present invention. 

m DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

J 5 In an embodiment, the configuration of a remotely configurable optical add/drop 

:i multiplexer for bidirectional traffic of the present invention is shown in Figure 2. As 
; jjf previously discussed, Figure 1 shows a bidirectional ring network according to the prior art. 
O Figure 3 shows another example of the optical add/drop multiplexer for bidirectional traffic 

of the present invention. 
20 In an embodiment, a drop wavelength of each of the four gratings (filters) can be 

tuned by piezoelectric adjusting elements (such as, 200 GHz max. or HIGHWAVE). This 
makes it possible to flexibly drive two wavelength channels with one grating (crosstalk 
< 30 dB). The wavelength filters can be typically constructed of dielectric layers to enhance 
heterodyne crosstalk (i.e., <25 dB crosstalk). The 4:1 coupler can be replaced by a 
25 wavelength filter. 

To achieve a maximum of flexibility for future developments, the add/drop function 
can be separated from the routing function of the optical cross connect card (OCC). It should 
be appreciated that the OCC card is optional. 

As previously discussed, Figure 3 shows a working and protection path for 
30 reconfigurable OADM. In this regard, it should be appreciated that an important aspect of 
the present invention is the OADM-R board(s) as shown in Figure 3. 
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For example, the circuit arrangement of the optical components on the two OADM-R 
boards and the resultant logical separation of the add/drop functions. By separating the drop 
function (circulator and four gratings in this case) and the add function (1 :2 coupler) on two 
different boards, any "single point of failure" can be prevented in the case of 1 :1 protection. 
5 It should be appreciated that this logical separation is not provided when a second circulator 
is used. 

Combining two OADM-R boards (board means module; or on two groups of boards 
instead of on two boards) also provides for an evolution from rigid to dynamically 
reconfigurable traffic relationships as compared to existing systems which usually use groups 
10 of four wavelengths that can be supplemented by one "dynamic group" during continued 
operation. 

0 Further, the present invention can include an additional wavelength filter. The 

additional wavelength filter can result in a suppression of the heterodyne crosstalk by over 
[% 55 dB. This value can enable modules to be used in systems with 128 channels and/or with 
IH 5 great differences in the individual channel levels. 

53 It should be appreciated that Applicants believe that commercially available add/drop 

r£? modules do not provide for "in-service" expansion and further require group prefilters to be 
used in order to achieve cost-reducing modularity. To achieve a protected connection, 
commercially available modules must necessarily include two 2x2 switches for each 
20 wavelength. 

As shown in Figure 4, the OADM-R module can also be used in unidirectional two- 
fiber ring networks. It should be appreciated that this does not require any change in the 
hardware configuration where the required changes can be implemented by external plug-in 
fiber connections for use in unidirectional two-fiber ring networks. 
25 It should be understood that various changes and modifications to the presently 

preferred embodiments described herein will be apparent to those skilled in the art. Such 
changes and modifications can be made without departing from the spirit and scope of the 
present invention and without diminishing its attended advantages. It is therefore intended 
that such changes and modifications be covered by the hereafter appended claims. 
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ABSTRACT OF THE DISCLOSURE 

The present invention relates to a network node that includes optical add/drop 
modules such that a module can be exchanged without disruption of the connections. 
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In the claims: 

On amended page 6, cancel line 1, and substitute the following left-hand justified 
heading therefor: 
We Claim as Our Invention: 

5 Please cancel claims 1-3, without prejudice, and substitute the following claims 

therefor: 

4. A network node having optical add modules and drop modules for a 
bidirectional ring network that has a working connection and a protection connection to other 
network nodes, comprising: 
10 a first drop module and a first add module positioned on a protection module 

^ for bidirectional protection connection; and 

: 0 a second drop module and a second add module positioned on a working 

M module for bidirectional working connection, wherein the second drop module and the first 
'fv add module are positioned in series with respect to a second fiber ring and wherein the first 
™t z 5 drop module and the second add module are positioned in series with respect to a first fiber 

■ * 5. The network node as claimed in Claim 4, wherein the first drop and add 

] 3 modules of the protection module and the second drop and add modules of the working 
20 module each have a line input and a line output such that the first drop and add modules and 
the second drop and add modules are each insertable in the first or second fiber rings. 

6. A network node having optical add modules and drop modules for a 
unidirectional ring network which has a working connection and a protection connection to 
25 other network nodes, comprising: 

a first drop module and a first add module positioned on a protection module 
for protection connection; and 

a second drop module and a second add module positioned on a working 
module for working connection, wherein the first drop module and the first add module are 
30 inserted in series in a second fiber ring and the second drop module and the second add 
module are inserted in series in a first fiber ring. 
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7. The network node as claimed in Claim 6, wherein the first drop and add 
modules and the second drop and add modules each have a line input and a line output such 
that the first drop and add modules and the second drop and add modules are insertable in 
series into the first fiber ring or the second fiber ring. 
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REMARKS 



The present amendment makes editorial changes and corrects typographical errors 
in the specification, which includes the Abstract, in order to conform the specification to the 
requirements of United States Patent Practice. No new matter is added thereby. Attached 
5 hereto is a marked-up version of the changes made to the specification by the present 
amendment. The attached page is captioned " Version With Markings To Show Changes 
Made" 

In addition, the present amendment cancels original claims 1-3 in favor of new claims 
4-7. Claims 4-7 have been presented solely because the revisions by red-lining and 
10 underlining which would have been necessary in claims 1-3 in order to present those claims 
O in accordance with preferred United States Patent Practice would have been too extensive, 
and thus would have been too burdensome. The present amendment is intended for 
clarification purposes only and not for substantial reasons related to patentability pursuant 
*B to 35 USC §§103, 102, 103 or 1 12. Indeed, the cancellation of claims 1-3 does not constitute 
3 5 an intent on the part of the Applicants to surrender any of the subject matter of claims 1-3. 



Thomas C. Basso 

Bell, Boyd & Lloyd LLC 

P.O. Box 1135 

Chicago, Illinois 60690-1135 
(312) 807-4310 



Early consideration on the merits is respectfully requested. 
Respectfully submitted, 
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Attorneys for Applicants 



VERSIONS WITH MARKINGS TO SHOW CHANGES MADE 



In The Specification: 

The Specification of the present application, including the Abstract, has been 
amended as follows: 

Description 

Network nodes with optical add/drop modules 
SPECIFICATION 
TITLE 

NETWORK NODES WITH OPTICAL ADD/DROP MODULES 
BACKGROUND OF THE INVENTION 

The invention 
Field of the Invention 

The invention generally relates to a network node in accordance with tho features and 
the preambles of claims 1 and 2. . More specifically, the present invention relates to a 
network node with optical add/drop modules. 
Description of the Prior Art 

Such a A network node for use in a ring network is basically known from generally 
disclosed in German Patent Document No. DE 19731494 C4. The ring network provided 
for transmitting data in the wavelength division multiplex method has a working device, a 
protection device and a number of network nodes with add/drop modules. The distinctive 
feature of this known ring network, the transmission capacity of which is to be utilized to an 
optimum extent, consists in using only a single protection channel which can be accessed by 
all terminals, i.e.,, being able to send data and to receive data. 

From As disclosed in European Patent Document No. EP 0 847 158 A2, a network 
node with optical add/drop modules for bidirectional networks is also known in which a 
separate module OADM1 and OADM2, respectively, is provided for each of the two 
directions of transmission, in which in each case an add function and a drop function is 
combined for the respective direction of transmission. The known arrangement is neither 
provided for a ring network nor does it contain a protection device. 
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ftem As disclosed in European Patent Document No. EP 0 892 524 A2, a network 
node with optical add/drop modules in a unidirectional ring network having that has a 
number of ring lines is also known. In the case of a "single point of failure" in the network, 
the signals are diverted via other links of another ring line which are not faulty. 
5 Finally. ir. it known from It is also known as disclosed in European Patent Document 

No. EP 0 729 247 A2 to guarantee the transmission capacity in bidirectional ring networks, 
for example in the case of a disturbance, by transmitting on each fiberglass waveguide, in 
addition to the operating signal, a replacement signal of different wavelength. In the case of 
a disturbance, Le. a in the case of an interruption of the connection between two network 
1 0 elements, the operating signal between the network elements of the ring network affected by 
the failure of the connection is switched to the replacement signal, and thus to the second 
i : wavelength, thereby maintaining the full transmission capacity. The network elements 
^ provided are add/drop multiplexers which are arranged in parallel with existing optical 
.% interfaces at in each case additional optical interfaces. These additional interfaces operate 
; 1 5 in a different wavelength range in contrast to the existing optical interfaces. Operating signal 
and replacement signal of an optical transmitter are combined in a suitable manner by optical 
i : Q multiplexers at the output of each network element and transmitted to the receiving site by 
^ the respective optical fiber waveguides. At the receiving site, an optical demultiplexer 
3 separates the two optical signals of different wavelengths and supplies them to the further 
20 processing stages. 

In purely optical wavelength division multiplex networks, some of the optical 
connections will be purely of a static nature but some others will have short lifetimes. To 
optimally utilize the network capacities, therefore, concepts there exists a need for 
automatically reconfigurable and purely optical add/drop multiplexers will bo required in the 
25 future. Th e . In this regard, the reconstruction of existing systems should may necessarily 
need to take place with continuing traffic, i.e. a careful protection of the continuing traffic 
without optical "single point of failure" is necessarily required. 

In addition, it should be possible the ability to implement not only traffic links via a 
central hub-type network node but any point-to-point connections , see Figure 1 may 
30 necessarily be needed . A typical traffic pattern in future two-fiber ring networks will be the 
setting up of necessarily include a forward return connection in different fibers on the same 
link. ¥he In this regard, the corresponding protection connection leads via a different route 
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in two fibers and provides , thus providing for a reliable standby connection in the case of a 
fiber break. 

Due to the minimization of production costs in metropolitan ring networks, great 
differences in level must be expected in the individual wavelength channels. 

The hitherto In this regard, the static add/drop multiplexers in purely optical 
wavelengths division multiplex rings aee will necessarily need to be expanded into 
dynamically remotely and configurable add/ drop multiplexers^-A ft, thus an "in-service" 
expansion should be possible. 

Static optical add/drop multiplexer network elements have only been on the market 
for a very short time (CAMBRIAN, CIENA, OSICOM, LUCENT, SIEMENS 04/99), where 
commercial remotely configurable systems are expected for the year 2000. The remote 
configurability of optical add/drop multiplexer modules has currently only been implemented 
by means way of expensive optical circuit technology ffi.e., wavelengths division 
multiplexers a**4 demultiplexers? and space division switching matrices). 

In the literature However , no corresponding arrangements for setting up remotely 
configurable protected 1+1 connections are have been reported aad although the basis use 
of fiber gratings in add/drop modules is described in US patent No. 5,748,319. Patent No. 
5,748.349. 

Figure 1 shows a bidirectional ring network according to the prior art. 

: Ffee An object of the present invention consists in ensuring a protected , therefore, 
relates to protecting the transmission of a WDM signal in the case of from an interruption of 
the line aad whe n, for example, modules are exchanged in a ring network. 

The problems described above are solved by network nodes constructed in 
accordance with claim 1 and claim 2. An advantageous further development of the invention 
is sp e cified in claim 3 . 

SUMMARY OF THE INVENTION 

Using a network node configured in this manner results in the special advantage that 
in th e case of a necessary exchange Accordingly, the present invention is directed to a 
network node with- optical add modules and drop modules which can provide an 
uninterrupted transmission of a signal between any two network nodes when a necessary 
change of one of the two modules in the ring networ k, the transmission of a signal between 
nny two network nodes is not interrupted, is made. 
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The circuit arrangement of the purely optical add/drop module explained in greater 
detail in tho attachment of the present invention provides for modular expansion of static 
add/drop multiplexers in wavelengths division multiplex rings to form dynamically remotely 
configurable add/drop multiplexers. In this arrangement, a heterodyne crosstalk of < 50 dB 
i s 50 dB can be achieved. 

In contrast to the conventional arrangement of the components in add/drop 
multiplexers based on fiber gratings, circulators and/or 1:2 couplers on one board, the 
fiinctinnr , drop (circulator + d rop (i.e., circulator and grating) and add ffi.e., 1:2 coupler) 
functions of the present invention are distributed over two separate boards in this case . 

As a result, bidirectional two-fiber traffic can be implemented without any "single 
point of failure", irere^ electrical and/or optical 1+1 protection is fully supported ^. In this 
regard, the module can also be used for protected unidirectional traffic by external plugging). 
Due to the distributed add/drop functionality on two boards (or groups of boards), a board 
(group of boards) can be exchanged after complete protection switching without interrupting 
the connection. 

Due to the modularity (e.g. a group of four tunable gratings) and the protection 
characteristics of the circuit arrangement of the present invention , continuous expansion of 
existing static add/drop multiplexers to "in-service" conversion associated with dynamic 
traffic patterns is ensured, can be provided. 

Thir, module nupportn high numbers The module of the present invention can support 
a large number of channels (up to 128) and/or great differences in the individual channel 
levels. 

The essential inventive step lies in An important aspect of the present invention 
relates to the circuit arrangement for protecting that can protect the optical path against a 
"single point of failure", i.e. a the separate arrangement of add and drop functions on two 
boards-: . For example, the present invention can include a circulator and tunable gratings for 
the drop process on the one hand, in addition to a 1 :2 coupler for inserting new channels 
tho other hand . 

An additional dielectric filter fUS patent No. 5.748.319^ is . for example, as disclosed 
in US Patent No. 5,748349 can be used for splitting the wavelengths and for increasing the 
heterodyne crosstalk to less than 55 dB. 
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Exemplary embodiments of the invention will b e explained in greater detail with 
reference to figures. Additional features and advantages of the present invention are 
described in, and will be apparent from, the Detailed Description of the Preferred 
Embodiment and the Drawings. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 diagrammaticallv shows a bidirectional ring network according to the prior art. 

The configuration F ig. 2 diagrammaticallv shows an embodiment of a remotely 
configurable optical add/drop multiplexer for bidirectional traffic (as in Figure 1) of the 
present invention. 

Fig. 3 diagrammaticallv shows another embodiment of a remotely configurable 
optical add/drop multiplexer for bidirectional traffic of the present invention. 

Fig. 4 diagrammaticallv shows an embodiment of a remotely configurable optical 
add/drop multiplexer for unidirectional traffic of the present invention. 

DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENT 

In an embodiment the configuration of a remotely configurable optical add/drop 
multiplexer for bidirectional traffic of the present invention is shown in Figure 2. Figure 3 
r.hnwr. n mnro detailed example. A As previously discussed. Figure 1 shows a bidirectional 
ring network according to the prior art. Figure 3 shows another example of the optical 
add/drop multiplexer for bidirectional traffic of the present invention. 

In an embodiment, a drop wavelength of each of the four gratings (filters) can be 
tuned by piezoelectric adjusting elements (currentlv fsuch as, 200 GHz max.- or 
HIGHWAVE). This makes it possible to flexibly drive typically two wavelength channels 
with one grating (crosstalk <30 dB) 30 dB) . The wavelength filters are can be typically 
constructed of dielectric layers (<25 dB to enhance heterodyne crosstalk (i.e., <25 dB 
crosstalk). The 4:1 coupler can be replaced by a wavelength filter. 

To achieve a maximum of flexibility for future developments,, the add/drop function 
was can be separated from the routing function of the optical cross connect card (OCC) 7i _It 
should be appreciated that the OCC card is optional. 

As previously discussed. Figure 3 t shows a working and protection path for 
reconfigurable O ADM . In this regard, it should be appreciated that an imp ortant aspect of 
the present foptical add/drop multiplexer) nodes. 
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The central point of the invention is the OADM-R board s as shown in Figure 3,- f 
1. the special For example, the circuit arrangement of the optical components on the 
two QADMR OADM-R boards and the resultant logical separation of the add/drop functions. 
5 By separating the drop function (circulator and four gratings in this case) and the add 

function (1:2 coupler) on two different boards, any "single point of failure" is can be 
prevented in the case of 1 :1 protection ^. It should be appreciated that this logical separation 
is not given provided when a second circulator is used). 

Combining two OADM-R boards (board =means module; or on two groups of boards 
10 instead of on two boards) also provides for an evolution from rigid to dynamically 
reconfigurable traffic relationships t as compared to existing systems which usually use 
S groups of four wavelengths and that can be supplemented by one "dynamic group" during 
= i conti nued operation. 

1 ?. AHHitinnnl wavelength filter: the Further, the present invention can include an 
;% additional wavelength filter resrife. The additional wavelength filter can result in a 

suppression of the heterodyne crosstalk by over 55 dB. This value enables can enable 

2 modules to be used in systems with 128 channels and/or with great differences in the 
t individual channel levels. 

3 Tfe© It should be appreciated that Applicants believe that commercially available 
20 add/drop dees modules do not provide for "in-service" expansion and requires further require 

group prefilters to be used in order to achieve cost-reducing modularity. To achieve a 
protected connection, commercially available modules must necessarily include two 2x2 
switches must be provided for each wavelength. 

¥he As shown in Figure 4. the OADM-R module can also be used in unidirectional 
25 two-fiber rings, boo Figur e 1. This ring networks. It should be appreciated that this does not 
require any change in the hardware configuration aad where the required changes can be 
implemented by external plug-in fiber connections for use in unidirectional two-fiber ring 
networks. 

It should be understood that various changes and modifications to the presently 
30 preferred embodiments described herein will be apparent to those skilled in the art. Such 
changes and modifications can be made without departing from the spirit and scope of the 
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present invention and without diminishing its attended advantages. It is therefore intended 
that such changes and modifications be covered by the hereafter appended claims. 
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ABSTRACT OF THE DISCLOSURE 

The present invention relates to a network node that includes optical add/drop 
modules such that a module can be exchanged without disruption of the connections . 
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Description 




5 In purely optical wavelength division multiplex 
networks, some of the optical connections will be 
purely of a static nature but some others will have 
short lifetimes. To optimally utilize the network 
capacities, .therefore, concepts for automatically 

10 reconf igurable purely optical add/drop multiplexers 
will be required in the future. The reconstruction of 
existing systems should take place with continuing 
traffic, i.e. careful protection of the continuing 
traffic without optical "single point of failure" is 

15 required . 

In addition, it should be possible to implement not 
only traffic links via a central hub-type network node 
but any point-to-point connections, see Figure 1. A 

20 typical traffic pattern in future two-fiber ring 
networks will be the setting up of a forward/return 
connection in different fibers on the same link. The 
corresponding protection connection leads via a 
different link in two fibers and provides for a 

25 reliable standby connection in the case of a fiber 
break . 



Due to the minimization of production costs in 
metropolitan ring networks, great differences in level 
30 must be expected in the individual wavelength channels. 

The hitherto static add/drop multiplexers in purely 
optical wavelength division multiplex rings are to be 
expanded into dynamically remotely configurable 
35 add/drop multiplexers. An "in-service" expansion should 
be possible. 
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networks, for example in the case of a disturbance, by 
transmitting on each fiberglass waveguide, in addition 
to the operating signal, a replacement 
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signal of different wavelength. In the case of a 
disturbance, i.e. in the case of an interruption of the 
connection between two network elements, the operating 
signal between the network elements of the ring network 
5 affected by the failure of the connection is switched 
to the replacement signal, and thus to the second 
wavelength, maintaining the full transmission capacity. 
The network elements provided are add/drop multiplexers 
which are arranged in parallel with existing optical 

10 interfaces at in each case additional optical inter- 
faces. These additional interfaces operate in a 
different wavelength range in contrast to the existing 
optical interfaces. Operating signal and replacement 
signal of an optical transmitter are combined in a 

15 suitable manner by optical multiplexers at the output 
of each network element and transmitted to the receiv- 
ing site by the respective optical fiber waveguides. At 
the receiving site, an optical demultiplexer separates 
the two optical signals of different wavelengths and 

20 supplies them to the further processing stages. 

In purely optical wavelength division multiplex 
networks, some of the optical connections will be purely 
of a static nature but some others will have short 

25 lifetimes. To optimally utilize the network capacities, 
therefore, concepts for automatically reconf igurable 
purely optical add/drop multiplexers will be required in 
the future- The reconstruction of existing systems 
should take place with continuing traffic, i.e. careful 

30 protection of the continuing traffic without optical 
"single point of failure" is required. 

In addition, it should be possible to implement not only 
traffic links via a central hub-type network node but 
35 any point-to-point connections, see Figure 1. A typical 
traffic pattern in future two-fiber ring networks will 
be the setting up of a forward return connection in 
different fibers on the same link. The corresponding 
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protection connection leads via a different route in 
two fibers and provides for a reliable standby 
connection in the case of a fiber break. 

Due to the minimization of production costs in 
metropolitan ring networks, great differences in level 
must be expected in the individual wavelength channels. 

The hitherto static add/drop multiplexers in purely 
optical wavelengths division multiplex rings are to be 
expanded into dynamically remotely configurable add/ 
drop multiplexers. An "in-service" expansion should be 
possible . 

Static optical add/drop multiplexer network elements 
have only been on the market for a very short time 
(CAMBRIAN, CIENA, OSICOM, LUCENT, SIEMENS 04/99), 
commercial remotely configurable systems are expected 
for the year 2000. The remote configurability of 
optical add/drop multiplexer modules has currently only 
been implemented by means of expensive optical circuit 
technology (wavelengths division multiplexers and 
demultiplexers, space division switching matrices) . 

In the literature, no corresponding arrangements for 
setting up remotely configurable protected 1+1 
connections are reported and the basic use of fiber 
gratings in add/drop modules is described in US patent 
No. 5,748,349. 

Figure 1 shows a bidirectional ring network according 
to the prior art. 

The object of the present invention consists in 
ensuring a protected transmission of a WDM signal in 
the case of an interruption of the line and when 
modules are exchanged in a ring network. 
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The problems described above are solved by network 
nodes constructed in accordance with claim 1 and claim 
2. An advantageous further development of the invention 
is specified in claim 3. 

Using a network node configured in this manner results 
in the special advantage that in the case of a 
necessary exchange of one of the two modules in the 
ring network, the transmission of a signal between any 
two network nodes is not interrupted. 

The circuit arrangement of the purely optical add/drop 
module explained in greater detail in the attachment 
provides for modular expansion of static add/drop 
multiplexers in wavelengths division multiplex rings to 
form dynamically remotely configurable add/drop 
multiplexers. In this arrangement, a heterodyne 
crosstalk of <50 dB is achieved. 

In contrast to the conventional arrangement of the 
components in add/drop multiplexers based on fiber 
gratings, circulators and/or 1:2 couplers on one board, 
the functions drop (circulator + grating) and add (1:2 
coupler) are distributed over two separate boards in 
this case. 

As a result, bidirectional two-fiber traffic can be 
implemented without any "single point of failure", i.e. 
electrical and/or optical 1+1 protection is fully 
supported (the module can also be used for protected 
unidirectional traffic by external plugging) . Due to 
the distributed add/drop functionality on two boards 
(or groups of boards) , a board (group of boards) 
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can be exchanged after complete protection switching 
without interrupting the connection. 

Due to the modularity (e.g. group of four tunable 
5 gratings) and the protection characteristics of the 
circuit arrangement, continuous expansion of existing 
static add/drop multiplexers to "in-service" conversion 
to dynamic traffic patterns is ensured. 

10 This module supports high numbers of channels (up to 
128) and/or great differences in the individual channel 
levels . 

The essential inventive step lies in the circuit 
15 arrangement for protecting the optical path against a 
"single point of failure", i.e. the separate 
arrangement of add and drop functions on two boards: 
circulator and tunable gratings for the drop process on 
the one hand, a 1:2 coupler for inserting new channels 
20 on the other hand. 

An additional dielectric filter (US patent 
No. 5,748,349) is used for splitting the wavelengths 
and for increasing the heterodyne crosstalk to less 
25 than 55 dB . 

Exemplary embodiments of the invention will be 
explained in greater detail with reference to figures. 

30 The configuration of a remotely configurable optical 
add/drop multiplexer for bidirectional traffic (as in 
Figure 1) is shown in Figure 2 . Figure 3 shows a more 
detailed example. A drop wavelength of each of the four 
gratings (filters) can be tuned by piezoelectric 

35 adjusting elements (currently 200 GHz max., or 
HIGHWAVE) . This makes it possible to flexibly drive 
typically two wavelength channels with one grating 
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(crosstalk < 30 dB) . The wavelength filters are 
typically 
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constructed of dielectric layers (<25 dB crosstalk) . 
The 4:1 coupler can be replaced by a wavelength filter. 

To achieve a maximum of flexibility for future 
5 developments the add/drop function was separated from 
the routing function of the optical cross connect card 
(OCC) r the OCC card is optional. 

Figure 3: working and protection path for 
10 reconf igurable OADM (optical add/drop multiplexer) 
nodes . 

The central point of the invention is the OADM-R board: 

15 1. the special circuit arrangement of the optical 
components on the two OADMR boards and the resultant 
logical separation of the add/drop functions. 

By separating the drop function (circulator and four 
20 gratings in this case) and the add function (1:2 
coupler) on two different boards, any "single point of 
failure" is prevented in the case of 1:1 protection 
(this logical separation is not given when a second 
circulator is used) . 

25 

Combining two OADM-R boards (board = module; or on two 
groups of boards instead of on two boards) also 
provides for an evolution from rigid to dynamically 
reconf igurable traffic relationships: existing systems 
30 usually use groups of four wavelengths and can be 
supplemented by one "dynamic group" during continued 
operation . 

2. Additional wavelength filter: the additional 
35 wavelength filter results in a suppression of the 
heterodyne crosstalk by over 55 dB . This value enables 



modules to be used in systems with 128 channels and/or 
with great differences in the individual channel 
levels . 



The commercially available add/drop does not provide 
for ^in-service" expansion and requires group 
prefilters to be used in order to achieve cost-reducing 
modularity. To achieve a protected connection, two 2x2 
switches must be provided for each wavelength. 

The OADM-R module can also be used in unidirectional 
two-fiber rings, see Figure 4. This does not require 
any change in the hardware configuration and the 
required changes can be implemented by external plug-in 
fiber connections . 
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1. A network node with optical add modules (ADDi) and 
drop modules (DROP±) (i>D for a bidirectional ring 
5 network, which has a working connection (line east) and 
a protection connection (line west) with in each case a 
first and a second optical fiber ring (Rl, R2) to other 
network nodes, characterized in that a first drop 
module (DROPi) and a first add module (ADDi) for the 
10 bidirectional protection connection (line west) are 
arranged on a protection module/group of boards ( OADM- 
Rl) and 

in that a second drop module (DROP 2 ) and a second add 
module (ADD 2 ) for the bidirectional working connection 
15 (line east) are arranged on a working module/group of 
boards (OADM-R2) , 

in that the second drop module (DROP 2 ) and the first 
add module (ADDi) are arranged serially in the second 
fiber ring (R2) and the first drop module (DROPi) and 
20 the second add module (ADD 2 ) are arranged serially in 
the first fiber ring (Rl) . 

2. The network node with optical add modules (ADDi) 
and drop modules (DROPi) U>1) for a unidirectional 

25 ring network with a first and a second optical fiber 
ring (Rl, R2), which has a working connection and a 
protection connection to other network nodes, 
characterized in that a first drop module ( DROPi) and a 
first add module (ADDi) for the protection connection 

30 are arranged on a protection module/group of boards 
(OADM-R1) and a second drop module (DROP 2 ) and a second 
add module (ADD 2 ) for the working connection are 
arranged on a working module/group of boards (OADM-R2) 
and are connected in such a manner that the first drop 

35 module (DROPi) and the first add module (ADDi) are 
inserted in series in the second fiber ring (R2) and 
the 
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second drop module (DROP 2 ) and the second add module 
(ADD 2 ) are inserted in series in the first fiber ring 
(Rl) • 

5 3. The network node as claimed in claim 1 or 2, 
characterized in that the drop modules (DROPi, DROP 2 ) 
and the add modules (ADDi, ADD 2 ) of the protection 
module/group of boards (0ADM-R1) and of the working 
module/group of boards (0ADM-R2) in each case have a 

10 line input and a line output so that, in the case of 
bidirectional ring networks, the drop modules (DROPi) 
and the add modules (ADDi) of the protection 
module/group of boards (OADM-Rl) and, respectively, the 
drop modules (DROP 2 ) and the add modules (ADD 2 ) of the 

15 working module/group of boards (OADM-R2) can in each 
case be inserted into different fiber rings (Rl, R2) 
and that, in the case of unidirectional ring networks, 
the first drop module (DROPi) and the first add module 
(ADDi) of the protection module/group of boards (OADM— 

2 0 Rl) and the second drop module (DROP 2 ) and the second 
add module (ADD 2 ) of the working module/group of boards 
(OADM-R2) can in each case be inserted in series into a 
fiber ring (Rl, R2) . 
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Erklarung Fur Patentanmeldungen Mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und aileinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gesteflt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Netzknoten mit optischen Add/Drop- 
Modulen ___________ 



deren Beschreibung 

(zutreffendes ankreuzen) 
□ hier beigefugt ist 
M am 08.02.2000 als 
PCT internationale Anmeldung 

PCT Anmeldungsnummer 

eingereicht wurde und am . 



PCT/DEQ0/Q0371 



abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhait der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einkiang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 alter unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung Negt, fur die Prioritat beansprucht wird. 



As a befow named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Network nodes with optical add/drop 
modules 



the specification of which 

(check one) 

□ is attached hereto. 

^ was filed on 08.02.2000 as 

PCT international application 

PCT Application No. PCT/DEQO/00371 

and was amended on 



(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1. 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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Prior foreign applications 
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Priority Claimed 


19906862.3 DE 


18.02.1999 
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(Number) (Country) 
(Nummer) (Land) 


(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) (Country) 
(Nummer) (Land) 


□ □ 

{Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) (Country) 
(Nummer) (Land) 


□ □ 

(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmetdung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeGordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 


I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application (s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


PCT/DE00/00371 
(Application Serial No.) 
(Anmeldeseriennummer) 


08.02.2000 
(Filing Date D, M, Y) 
{Anmeldedatum T, M, J) 


anhanaia pending 

(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgegeben) abandoned) 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D,M,Y) 
(Anmefdedatum T, M; J) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgeben) abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der volien Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 


I hereby declare that ail statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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1 Voller Name des dritten Miterfinders: 

Dr. DETLEF STOLL 


Full name of third joint inventor: 

Dr. DETLEF STOLL 


Unterschrift des Erfinders 


Datum 


Inventor's signature Date 


Wohofrtz 

Boca Raton, Fl 33496, UNITED STATES OF 
AMERICA 


Residence 

Boca Raton, FL33496, UNITED STATES OF 
AMERICA t-'/ 


Staatsangehorigkeit 

DE 


Citizenship 

DE 


Postanschrift 

6503 N Military Trail #4100 


Post Office Address 

6503 N Military Trail #41 00 


Boca Raton, Fl 33496 
UNITED STATES OF AMERICA 


Boca Raton, Fl 33496 
UNITED STATES OF AMERICA 


Voller Name des vierten Miterfinders: 


Full name of fourth joint inventor: 


Unterschrift des Erfinders 


Datum 


Inventor's signature Date 


Wonnsitz 


Residence 
» 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Vofier Name des funften Miterfinders: 


Full name of fifth joint inventor; 


Unterschrift des Erfinders 


Datum 


Inventor's signature Date 


Wohnsitz 


Residence 
» 


Staatsangehdrigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des sechsten Miterfinders: 


Full name of sixth joint inventor: 


Unterschrift des Erfinders 


Datum 


Inventor's signature Date 


Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 







(Bitte entsprechende Informationen und Unterschriften im (Supply similar information and signature for third and 



Faile von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 



Form PTO-FB-240 (8-83) 
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Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



